This study estimates the macroeconomic impact of remittances and some control variables such as openness of the economy, capital/labor ratio, and economic freedom on the economic growth of African, Asian, and Latin American-Caribbean countries using newly developed panel unit-root tests, cointegration tests, and Panel Fully Modified OLS (PFMOLS). We use annual panel data from 1985-2007for 64 countries consisting of 29 from Africa, 14 from Asia, and 21 from Latin America and the Caribbean region, respectively. We find that remittances, openness of the economy, and capital labor ratio have positive and significant effect on economic growth for all regions as a group and in each of the three in study. While the economic freedom index also has a positive and significant effect on growth in Africa and Latin America, however, its effect on the economic growth of Asia is mixed. 
I. Introduction
In spite of the recent worldwide contraction in private financial flows to developing countries, remittances still continue to be a lifeline for more than 700 million people in developing countries. According to the World Bank estimates, remittances totaled $420 billion in 2009 of which $317 billion went to developing countries, involving some 192 million migrants or 3 percent of the world population (Massimo, 2010) . For many developing countries, remittances represent a major part of international capital flows, surpassing foreign direct investment (FDI), export revenues, and foreign aid (Giuliano and Ruiz-Arranz, 2005) . Figures 1, 2 , 3, and 4 below depict the average annual growth rate of international financial flows in the form of remittances, overseas development assistance (ODA), and foreign direct investment (FDI) for African, Asian, and Latin American/Caribbean countries as a group and for each of the three regions, respectively for the years between 1985 and 2007. FDI leads the way in all the regions in terms of growth followed by remittances, which have already surpassed official development assistance as a source of foreign financial inflows to the three regions
The main objective of this study is to estimate the long-run macroeconomic impact of remittances on the per capita GDP of African, Asian, and Latin American/Caribbean countries while controlling for some key sources of economic growth such as openness of the economy, capital/labor ratio, and economic freedom. As such, the study makes contributions to the existing literature on three fronts. First, the paper utilizes rich panel data covering three regions of the world (Africa, Asia, and Latin America/Caribbean) where the majority of the developing countries reside to investigate the relative impact of remittances on their economic growth as a group and/or individually.
Secondly, we use newly developed panel unit-root tests, cointegration tests, and Panel Fully Modified OLS (PFMOLS to establish the long-run relationship between per capita GDP growth and remittances while taking into account some key control variables such as the openness of the economy, capital labor ratio, and the measure of economic freedom. Thirdly, the study provides a unified comparative analysis of the relative impact of remittances and other control variables of the economic growth African, Asian, and Latin/Caribbean countries. The findings suggest that remittances, openness of the economy, and capital labor ratio have positive and significant effect on economic growth for the regions as a group and in each of the regions.
The paper is organized as follows. The next section gives a brief review of the literature. Section 3 describes the data and empirical methodology. The empirical results are presented in section 4. The final section draws conclusions based on the results.
A Review of Selected Literature
In the case of Africa, a recent joint study by the World Bank and the Central Bank of Kenya suggests that money sent to Africa by those living abroad is estimated at $21 billion and is expected to grow by two percent in 2010. While such remittance flows represent a significant share of the gross domestic product (GDP) for many African countries, however, it is not as high as for the other regions of the world such as Latin American, or Asian countries (Otieno, 2010) . For instance, remittances to the Philippines in Asia and Mexico in Latin America alone were roughly the same as those received by the whole of sub-Saharan Africa in 2010. The top ten recipients of remittances in Africa in 2010 include Nigeria (US$10 billion), Sudan (US$3.2 billion), Kenya (US$1.8 billion), Senegal (US$1.2 billion), South Africa (US$1.0 billion), Uganda (US$0.8 billion), Lesotho (US$0.5 billion), Ethiopia (US$387 million), Mali (US$385 million), and Togo (US$302 million).
Based on household survey data from various African countries, few empirical studies have investigated the role of remittances in reducing poverty (Lucas and Stark, 1985; Adams, 1991; Sander, 2004; Azam and Gubert, 2005; Adam and Page, 2005; Adam, 2006) . Perhaps, the aggregate impact of remittances have been disregarded for at least two reasons. One theoretical strand suggests that workers' remittances are mainly used for consumption purposes and, hence, have minimal impact on investment and may, in fact, reduce the incentive of the recipients to work. In other words, remittances are widely viewed as compensatory transfers between family members who lost skilled workers due to migration.
Other studies by Stark and Lucas (1988) , Taylor (1992) , Faini (2002) , and Adams and Page (2005) find a positive relationship between remittances and economic growth based on 113 countries. Focusing on the experience of 101 developing countries, however, recent studies by Chami et al. (2005) and IMF (2005) find negative and no impact of remittances on economic growth. Stahl and Arnold (1986) , however, argue that the use of remittances for consumption may have a positive effect on growth because of their possible multiplier effect by stimulating business development in the recipient countries. Moreover, remittances respond to investment opportunities in the home country as much as to charitable or insurance motives. Many migrants invest their savings in small businesses, real estate or other assets in their own country because they know local markets better than in their host countries, or probably expecting to return in the future. In about two-thirds of developing countries, remittances are mostly profit-driven and increase when A recent study by Vargas-Silva, et al. (2009) , using panel data for more than 20 countries in the Asian region for 1988-2007, also finds that remittances positively affect home country real gross domestic product (GDP) per capita growth, i.e. a 10% increase in remittances as a share of GDP leads to a 0.9-1.2% increase in GDP growth.
According to a World Bank study (2008) , Latin America and the Caribbean countries received around US$50 billion in remittances in 2005. This represents about 70percent of foreign direct investment (FDI) and is almost 8 times more than official development assistance (ODA) to the region. In terms of sheer volume, Mexico outpaces the pack in the region with over US$25 billion, followed by Brazil (US$7.2 billion), Colombia (US$4.8 billion), Guatemala (US$4.3 billion), El Salvador (US$3.8 billion), the Dominican Republic (US$3.1 billion), Peru (US$2.9 billion), Ecuador (US$2.8 billion), and Honduras (US$2.7 billion), according to the IDB (Grogg, 2009 ).
However, on a per capita basis, El Salvador gets the most, followed by the Dominican Republic, Honduras, Guatemala, and Mexico rounding up the top five recipients in that order. Using a large cross-country panel dataset, Acosta et al. (2008) find that remittances in Latin American and Caribbean countries (LAC) have increased economic growth and reduced inequality and poverty. While Giuliano and Arranz (2009) find that remittances pave the way for financial development leading to economic growth, Amuedo-Durantes and Pozo (2004) and Chami, et al. (2005) argue that remittances may have a deleterious effect on economic growth otherwise known as the "Dutch disease" by reducing the incentives for labor force participation of the recipients. Thus, we cannot, a priori, predict the direction, or the size of the impact of remittances on the economic growth based on the above discussions. The next section highlights the methodology and data of the study.
Empirical Methodology and Data

Panel unit root tests
To investigate the causal relationship and co-movements between remittances and per capita income, we first check for the stationarity of our data. Recently, there has been a hightened development of panel-based unit root tests ( Hadri, 1999; Breitung, 2000; Choi, 2001; Levin, Lin and Chu, 2002; Im, 2003; Breitung and Das, 2005) . These studies have shown that the panel unit root tests are less likely to be subject to Type II error and as such are more powerful than tests based on times series data.
Due to the unbalanced nature of our dataset and also some gaps in the individual time series, we employ the
Fisher-type Augment Dickey Fuller (ADF) tests as presented by Choi 2001
1 which do not require a balanced dataset and allow for gaps in the individual series. 2 The ADF specification can be written as:
where i= 1…..N, t=1…….T, and ‫ݒ‬ ௧ denotes the stationary error term of the i th member in period t, respectively. y it refers to the variable being tested, z' it represents control variables in the model (including remittances) with panelspecific means, time trends, or nothing depending on the options specified. If z it = 1, then ‫′ݖ‬ ௧ ߛ will denote fixedeffects. On the other hand, we can specify a trend scenario where ‫′ݖ‬ ௧ = (1, t) such that ‫′ݖ‬ ௧ ߛ represents fixed-effects and linear time trends. We can also specify ‫′ݖ‬ ௧ non-constant and omit the ‫′ݖ‬ ௧ ߛ term altogether.
In testing for panel-data unit roots, Fisher-type tests conduct the unit-root tests for each panel individually and then combine the p-values from these tests to produce an overall test (an approach used mostly in meta-1 See also Maddala and Wu (1999) 2 See STATA 11 handbook.
analysis). Note that in this context, we perform a unit-root test on each of our panel units i separately and then we use their combined p-values to construct a Fisher-type test to investigate whether or not the series exhibit a unit-root.
The null hypothesis in this case is H O : ߩ =1 for all i versus the alternative hypothesis of H a : ߩ < 0 for some i. This routine provides 4 different unit-root test methods as proposed by Choi (2001) . The first three tests differ in whether they use the inverse chi-square (P), inverse normal (Z), or inverse logit (L) transformation of the p-values while the fourth test is a modification of the inverse chi-square method which is suitable when the sample (N) is large. Choi (2001) shows that the Z-statistic offers the best trade-off between size and power, and as such suggests its use in applications. In the next sub-section, we address the issue of panel cointegration tests to determine whether GDP per capita and the control variables move together in the long-run.
Panel Cointegration Tests
As a second step for checking the long-run relationship between per capita income growth and remittances,
we employ the Error-correction model for cointegration tests of panel data as described by Westerlund (2007) .
Unlike models which are based on residual dynamics (such as Pedroni, 2004) , these tests propose four new panel tests of the null hypothesis of no cointegration which are based on the structural rather than dynamics and, therefore, do not impose common factor restrictions. Two methods are designed to test the alternative hypothesis that the panel is cointegrated as a whole, while the other two test the alternative hypothesis that there is at least one individual member of the panel that is cointegrated. In a nutshell, if the null hypothesis of no error correction is rejected, then the null hypothesis of no cointegration is also rejected. We note here that the error-correction tests assume the following data-generating process:
where t = 1, . . . , T and i = 1, . . . , N denote the time-series and cross-sectional units, respectively; d t contains the deterministic components for which there are three possible cases that can occur including: (1) d t = 0, thus, equation
(1) has no deterministic terms, (2) d t = 1, thus, ‫ݕ∆‬ ௧ is generated with a constant, and (3) d t = (1,t), thus, ‫ݕ∆‬ ௧ is generated with both a constant and a trend. In our case, y it denotes the log of real per GDP capita of country i at time t, and x it denotes the log of remittances to country i at time t.
Equation (2) can be rewritten as:
where 
We perform the cointegration tests using AIC to choose an optimal lag and lead lengths for each series and with the Bartlett kernel window width set according to 4*(T/100) 2/9 ~ 3.
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Since part of our interest lies in investigating regional differences, we present the cointegration test results for the overall and also for the 3 regions (Africa, Asia, and Latin America) under consideration. Having verified the log-run relationship between the GDP per capita and the control variables, we now turn to the estimation of the log-run impact of the control variables on GDP per capita using Panel Fully Modified Ordinary Least Squares Method (PFMOLS) in the next sub-section.
Panel Fully Modified Ordinary Least Squares Test (PFMOLS)
We employ an autoregressive distributive lag (ARDL) dynamic panel specification in the following form:
where y it , denotes the real per capita income of the ith country in period t, respectively (i= 1…..,N, t=1…..T),. X it is a K*1 vector of explanatory variables; ߛ ‫ݏ′‬ are scalars and ߜ ௧ ‫ݏ′‬ are a K*1 vector of coefficients. If the variables in equation (5) are I(1) and cointegrated, then the error term is an I(0) process for all of our groups i. An important feature of variables that are cointegrated is their responsiveness to deviations from the long-run state, suggesting an error-correcting model where the short-run dynamics (shocks) of our variables will adjust to the long-run equilibrium are influenced by deviations from long-run equilibrium. This allows us to re-parameterize equation (5) into an error-correcting model written as:
where ‫‬ denotes the error-correcting speed of adjustment term. If ‫‬ =0, then there is no evidence for a long-run relationship between the dependent variable and our regressors. The parameter ‫‬ is expected to be significantly negative under the previous assumption that the variables return to a long-run equilibrium. The vector ߠ ′ is of particular importance because it contains the long-run relationships (elasticities) between the per capita income and the control variables.
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We employ the pooled-mean estimator for the dynamic panel data advocated by Pesaran, et al. (1998 in estimating the long-run worker remittance elasticity of growth. They propose a maximum likelihood type "pooled-mean group" (PMG) estimator which combines pooling and averaging individual regression coefficients in equation (6). In this case, one could use a conditional error correction framework where long-run elasticities are constrained to be the same, but short-run dynamics are allowed to vary over the cross-sections.
The PMG estimators have two key advantages over other commonly used estimators in the literature.
Compared to the static fixed-effects estimator, the PMG estimator allows for dynamics while the static fixed-effects model do not. In comparison to the dynamic fixed-effects estimator, the PMG estimator allows the short-run dynamics (shocks) and error variances to differ across cross-sections. Another pertinent advantage is that the underlying auto-regressive distributed lag (ARDL) structure dispenses with the importance of the unit root pretesting of the variables in question. As long as there is a unique vector which defines the long-run relationship
among our variables of interest, it is of no consequence if the variables are either I(1), or I(0) since the PMG estimates of an ARDL specification will yield consistent estimates. 
Tests and Empirical Results
Unit-root Test
For the stationarity test of our data, we first apply the Fisher-Type ADF unit root tests which are presented in levels and difference in tables 2 and 3, resulting in 4 different test statistic: Inverse Chi Square (P), Inverse Normal (Z), Inverse Logit (L*), and Modified Inverse Chi Square (Pm). Choi (2001) suggests that the inverse normal Z statistic should be used for stationarity tests because it offers the best trade-off between size and power.
Low Z and L values cast doubt on the null hypothesis of unit-roots whereas large P and Pm values cast doubt on the null hypothesis. Note here that our test statistics are calculated with a one-period lag, individual effects, and time trends.
The results reported in Table 2 show that the per capita GDP, capital/labor ratio, openness, and the freedom or personal rights are not entirely stationary in levels. This is especially true for the freedom (personal rights) variable which is not significant for almost all the regions, except for the Latin America and Caribbean region using the P and Pm test statistics. Table 3 presents the same test results estimated in first difference. As can be readily observed from Table 3 , all the tests show that the variables are stationary in first difference at the 1 percent level of 5 Reverse causality is not a problem if the variables are I(1). This is because in that case there exist the superconsistent property.
significance. It is, thus, reasonable to assume that these variables are co-integrated of order zero i.e. I(0) in first difference. Table 4 
Cointegration Tests
Panel Fully Modified OLS (PFMOLS) Estimation
Having established that the variables are stationary and exhibit long-run cointegration in the previous subsections, we now estimate the long-run impact of workers' remittances and the control variables on economic growth of African, Asian, and Latin-Caribbean countries using the Panel Fully Modified Ordinary Least Squares (PFMOLS) estimator. The choice of the PFMOLS over Ordinary Least Squares (OLS) estimator is based on the fact that it has the dual advantage of correcting for both serial correlation and potential endogeneity problems that may arise when the OLS estimator are used. We estimate four models, one for our whole sample and one for each of the three regions under consideration. Table 5 presents the results of our PFMOLS estimations.
The negative and significant values of the parameter ‫‬ for all our models indicate that there is a long-run relationship between our variables. Our estimated long-run impact of openness to trade and new fixed capital to labor ratio have the expected signs. Specifically, our results indicate that the openness and new fixed capital labor ratio all have significantly positive long-run impact on economic growth for the whole sample and for each of the regions under consideration.
While personal freedom is shown to have a positive long-run impact on growth in Africa and Latin America and the Caribbean, there is a negative but insignificant effect of personal freedom on Asian economic growth. This result can be explained by the phenomenal economic growth of countries such as China which have had very checkered personal freedom histories. The lagged growth is significantly negative indicating somewhat of a catch-up effect. This is to say that countries which experience significantly large growth are less likely to experience such rapid growth trend in the future. One can also link this observation with expectations where country which is not doing well today, we can expect for it to do better in the future while high growth rate countries are expected to slow down somewhat in the near future.
The results presented above indicate that the flow of remittance have a positive and significant long-run effect on economic growth in our overall sample and also in the different geographical regions under consideration. These geographical differences may be caused by the differences in the dynamics of how remittances are transmitted and/or used in the different regions. For example, Latin American and Caribbean countries may enjoy a better financial mechanism that facilitates the efficient transmission of remittances in comparison to countries in Africa and Asia. Furthermore, expectations and culture of the senders and recipients of remittances while similar in one region may differ from one region to the other. For example, remittances may be largely used for investment purposes in one region, whereas it may be used mainly for current consumption supplementation in the other, thus having a significantly positive long-run impact in the region where it is largely used for investments, and either a negative, insignificant, or slightly positive impact on the long-run economic growth in areas where it is used largely to supplement consumption.
Comparatively, our results indicate that a 10% increase in remittances lead to a 0.13%, 1.56%, and 0.3% long-run economic growth in Africa, Asia, and Latin America and Caribbean regions, respectively. These results indicate that remittances contribute more to the long-run per capita growth in Asia than in the other regions under consideration, suggesting that there are differences in the transmission costs and uses of remittances for economic growth in the recipient regions.
Conclusions and Policy Implications
This study investigates whether there is a long-run stable relationship between GDP per capita and remittances and other salient control variables such as the openness of the economy, capital/labor ratio, and economic freedom for 29 African, 14 Asian, and 19 Latin/Caribbean countries. We use annual panel data spanning over the 1985-2007 period and recently developed panel unit (Choi, 2001 ) and error correction model by Westerlund (2007) and Pedroni (2004) to test the stationarity and cointegration of the panel data series. Overall, our findings are consistent with other studies that have investigated the impact of worker remittances to economic growth. However, our findings are much more reliable because we use a superior dataset covering a larger group of countries and a longer time series, and employ superior and newer estimation methodologies.
The results show that remittances do, indeed, have a statistically significant long-run impact on economic growth in all three regions as a group and much more pronounced for the Asian region than the African or Latin/Caribbean regions, partly owing to the regional differences in the transaction costs and the use of remittances.
In an era when there is strong opposition to the disbursement of the traditional sources of development financing in the form of foreign aid, foreign direct investment (FDI), and private transfers, remittances serve as a life line for development projects. To insure that remittances efficiently and sufficiently flow to where there are acute needs, governments may consider to foster increased competition and technological innovation with a view of increasing formal flows and financial deepening. Note: All the variables are specified in natural logs. The models have been specified with individual and time trend effects. *, ** and *** mean the rejection of null hypothesis of non-stationarity at 1%, 5%, and 10% level respectively. 
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Note: *, **, *** denotes significance at the 10%, 5% and the 1% levels of confidence respectively. The numbers in parenthesis are the standard errors.
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